Background: Information on cancer prevalence is either absent or largely unavailable for central European countries.
Introduction
Cancer incidence and mortality do not fully reflect the magnitude of cancer. Cancer registries (CRs) in Nordic countries have already shown the relevance of measuring prevalence for the "evaluation of the cancer problem" [1] . For many years, prevalence figures have only been delivered by CRs collecting data for a sufficient period of time to provide unbiased estimates. Recent advances in statistical methods and requirements for updated public health strategies [2] explain the interest for prevalence estimations, using incidence and survival figures.
The aim of this work is to estimate the cancer prevalence for central European countries, as has been done in a comparable way for other European areas [3] . Austria, Germany, The Netherlands, Poland, Slovakia, Slovenia and Switzerland have a combined population of 13 million inhabitants and present large disparities in national population coverage by the CRs. In spite of their geographical contiguity, these countries belong to different entities, as defined by the World Health Organization: Poland and Slovakia are in Eastern Europe; Slovenia is in Southern Europe; Austria, Germany, The Netherlands and Switzerland are in Western Europe. Slovenia (2 million inhabitants) and Slovakia (5.3 million inhabitants), representing 56% of the dataset, have nationwide tumour registries. In the other registries (totalling 5.8 million inhabitants), available data have a low degree of coverage within their respective country. One cancer registry represents 1.7% of the population in Germany (Saarland), 5 .7% in The Netherlands (Eindhoven) and 7.8% in Austria (Tyrol); two CRs represent 6.2% of the population in Poland (Warsaw and Cracow) and 11.8% in Switzerland (Basel and Geneva). This requires caution in attributing to the whole country figures derived from the corresponding CRs.
As 55% of the population dataset are incident cases from as early as 1970, it could be assumed that the majority of prevalent cases in 1992 were diagnosed after the start of the registration period. However, it might not be a correct assumption for prevalent cases from either Slovakia (41% of the dataset), where registration started in 1980, or Tyrol (5% of the dataset) and Warsaw (12% of the dataset), where registration started in 1988. This heterogeneity between data from the registries is also remarkable when dealing with life-styles, diet habits, cancer incidence patterns, cancer survival and health care organisations. As a consequence, differences in estimated results could be expected.
Eleven types of cancer have been considered in the analysis: stomach, colon, rectum, melanoma, breast, uterus, prostate, Hodgkin's lymphoma, leukaemia, lung combined with pleura, and all malignant cancers combined.
Materials and methods

Data
Nine CRs from Austria, Germany, The Netherlands, Poland, Slovakia, Slovenia and Switzerland, covering a population of 13 million inhabitants, provided the incidence and survival data needed to estimate prevalence for these seven countries. More than 465 000 incident tumours were registered and the data collection period ranged from 4 years (1988-1992 for Warsaw in Poland) to 22 years for Geneva in Switzerland and Saarland in Germany). All registries assured follow-up for vital status at least until 31 December 1992, which is the index date for the estimation of prevalence.
All cases recorded by each cancer registry were included in the analysis. When some information was missing (on average, not more than 1% of the total number of cases) imputation procedures were adopted [3] . The only cases excluded from the analysis were death certificate only (DCO) cases and cases discovered at autopsy, assuming they did not contribute to the burden of the disease. Cases lost to follow-up were assigned survival probabilities, estimated from the successful follow-up of patients of the same gender, age and period of diagnosis.
Observed prevalence represented the number of individuals diagnosed with cancer and still alive at a certain date. Unfortunately, this definition excluded cases either diagnosed before the starting date of the CR or those not registered due to incompleteness. Therefore, the observed prevalence did not correspond to the actual number of prevalent cases in a population, as some of them, still alive, may have escaped cancer registration. A correction factor named completeness index was used for correcting these estimates of prevalence figures. This index is derived from our knowledge of cancer type specific incidence and survival [4] .
The age structure of the populations under observation was slightly different. In Slovakia and Austria, the age group 0-44 years represented more than two-thirds of the male population (72% and 70%, respectively), but only 63% in Switzerland and 62% in Germany. Among women, we observed a similar contrast between the highest (Slovakia 66% and Austria 64%) and the lowest figures (Switzerland 57% and Germany 56%). For both genders, the population aged >65 years represented <20% in all countries, ranging between 8% (Slovenia, men) and 19% (Germany, women).
Calculation of prevalence
Observed prevalence was computed on the basis of the longest period of data available from each registry, by means of the PREVAL method [5, 6] . This method basically consists of collecting information from all incident cases over the period considered by the cancer registration, and following the patients throughout their life. The information on age and time since diagnosis was updated according to the life status of the patients known from the CRs.
Tables with number and proportion of prevalent cases in the populations covered by each participating CR were sent to the registries for checking and information. Registry-specific prevalence data were finally combined to provide prevalence numbers and proportions at country level.
Completeness index
The adjustment applied by the completeness index was derived from our knowledge of incidence and survival features of each cancer site [4] . The index varied between 0 and 1, depending on the adjustment introduced in the prevalence observed by the registry. Values close to 0 indicated a short observation period and a large correction applied to the observed prevalence. Values close to 1 indicated a slight correction. Details of the method used for the estimation of completeness index, have been reported in previous papers [4, 5] . A common set of parameters was used for the estimation of completeness index in every registry considered in this study. However, relative survival varied to some extent between registries, in each country considered here. As relative survival affects prevalence, a relative death ratio specific for each registry was considered in order to increase the precision in the estimation of completeness index.
The completeness index was near 1 for registries with longer follow-up, for cancer sites that occurred mainly in the elderly, and for those registries with low survival rates, because worse prognosis leads to a restricted number of long-term survivors. In Geneva and Saarland, the two registries with the longest follow-up period (23 years), completeness of observed prevalence ranged from 0.88 and 0.87 for cancer of corpus uteri to 1 for cancer of the prostate and cervix uteri, and Hodgkin's disease. The corresponding values for the Warsaw and Tyrol registries, which had the shortest period of followup (5 years) were 0.31 and 0.32 for corpus uteri, 0.67 and 0.78 for prostate, respectively, and 0.42 for cervix uteri and 0.38 for Hodgkin's disease for both registries.
Average prevalence was estimated for all sites and for the seven registries combined. As figures for The Netherlands were close to these averages, we used the Dutch prevalence as reference for observing heterogeneity within our dataset through a prevalence ratio (PR).
Results
Among the seven countries, the mean prevalence estimated for all cancers combined was 1565 per 100 000 persons for men and 2413 per 100 000 persons for women, similar to the prevalence estimated for all 17 European countries combined (1570 for men and 2490 for women). Table 1 presents cancer prevalence in each of the seven populations by age group, for men and women, respectively, and for all European countries included in the EUROPREVAL study combined (n = 17) (given for reference). Figures 1 and 2 summarise the heterogeneity observed within central European countries: overall, cancer prevalence was highest in Germany and Switzerland, and lowest in Poland and Slovenia. In Slovakia, prevalence is higher than average for men, and lower than average for women. This was observed for almost all ages. Breast cancer is the most frequent malignancy among women in all countries, with the highest prevalence found in Switzerland (1170 cases for 100000 persons). Among men, prostate cancer is the leading malignancy in Germany, Austria and Switzerland (the highest prevalence proportion is 408 per 100000) and lung cancer is the commonest cancer in Slovenia and Slovakia (the highest prevalence proportion is 206 per 100000) and Poland.
The Netherlands has a high prevalence for prostate and lung cancer (198 per 100 000 for both).
Regarding cancer prevalence by time since diagnosis (Tables 2  and 3) , two issues were considered: the time-related magnitude of prevalence within each country and the variability of such proportions across the countries. One-year prevalence consisted of cancer patients that were likely to be under primary treatment and therefore required more resources from the health-care system. For all malignancies combined, the mean proportion of 1- 
Prevalent cases between 1 and 5 years since diagnosis were more likely to undergo follow-up procedures for recurrence and adverse reactions. The magnitude of this prevalence was also a useful indicator of the patients' demand for health-care facilities and of its impact on the medical system and health infrastructure. All sites combined, the mean proportion for the central European countries was 491 per 100 000 for men and 626 per 100000 for women, with a range of proportion of the total prevalence between 22% and 28% for women, and 24% and 34% for men.
Prevalent cases diagnosed from 5 to 10 years previously represent a component of patients with a lower demand for frequent control examinations. All sites combined, mean proportions were 335 per 100 000 for men and 505 per 100 000 for women, with a range of proportion of the total prevalence between 17% and 23% for both genders.
Finally, long-term cancer prevalence (diagnosed >10 years before) reflected long-term survival and proportion of people considered as cured from cancer. All sites combined, mean proportions were 490 per 100 000 for men and 1028 per 100 000 for women, with a range of proportion between 26% (The Netherlands, men) and 50% (Slovakia, women).
Age was an important factor influencing accuracy and timing of diagnosis, as well as effectiveness of treatment and prognosis. Prevalence of cancer in the elderly (Tables 4 and 5) represented an increasing load for the community, due to frequently associated comorbidity and disability factors. For all cancers combined, people aged ≥65 years accounted for between 43% (Poland) and 72% (Switzerland) of cancer prevalence. The proportion of elderly patients was highest for prostate cancer (males; range from 80% in Poland to 92% in Switzerland) and lowest for Hodgkin's disease, with <40% in all countries except Slovakia (49%).
Discussion
The methods for solving the main methodological problems are described extensively elsewhere [7, 8] . In addition, we can focus on some specific issues. 
Completeness index
There is an apparent contradiction between the high proportion lost to follow-up in Geneva (5.4%), compared with all the others (<2%) except Cracow (4.7%), and the completeness index for which Geneva has, for all cancer sites, a value near to one. Geneva has a very peculiar situation: the population is actively monitored and the administration knows exactly the dates of arrival and departure through the regime of residency permits. The Geneva CR has on-line access to this population data and traces patients for active follow-up twice a year. Thus, the exact number of prevalent patients is known at any time (index of completeness close to 1). However, the high proportion of 'lost to follow-up' simply reflects the fact that the number of foreigners normally qualified as residents leave Geneva, to return to their country of origin, at the end of their life [9] . In the current process of estimating prevalence through a mathematical model, patients that have left Geneva continue to be considered alive, and contribute therefore to an overestimation of survival. This (late) migration phenomenon is medically important in Geneva, a city of international organisations with a high proportion of foreigners. In this situation, the overestimation of survival could bias the overall dataset and, therefore, Geneva data have not been used for the validation of prevalence modelling.
Variability within the central European countries
The dataset, arbitrarily defined as 'central European', combines countries with different demographic situations. Age distribution by gender is similar within each country, and figures with both genders combined can be used to define 'young' countries, (Slovakia, Austria, The Netherlands, Slovenia) with more than two-thirds of the population aged 0-44 years and 'old' countries (Poland, Switzerland, Germany) with less than two-thirds of the population aged 0-44 years. The proportion of youngest age group ranges from 59% (Germany) to 69% (Slovakia). In addition, taking into account unequal age distributions and the risk of mortality observed for the whole population in each country (including non-cancer patients), we also observe large differences in cancer survival [10] . All cancers combined, the 5-year age-adjusted relative survival (AARS) ranges from 19% (Poland) to 45% (Austria) for men, and from 33% (Poland) to 55% (Switzerland) for women, reflecting the discrepancies in healthcare systems. Illustrating this unbalanced situation, the 5-year AARS for several sites (digestive tract, prostate, all sites combined) in the countries having the richer economies (Germany, The Netherlands, Switzerland) are higher than the 1-year AARS for some other countries (Poland, Slovakia), reflecting the differences between countries in access to care facilities, availability of modern investigation techniques and capacity for early diagnosis.
Burden of cancer and priorities
Prevalence, which results from the combined effects of the age structure of the population, age-specific incidence and quality of care, demonstrating the actual burden of disease in a different way than incidence alone does. If short-term prevalence can be assumed to be close to incidence figures, long-term prevalence is obviously linked with the efficiency of the health-care system and its capacity to provide long-term survival.
Stomach. Slovenia, Austria, Slovakia and Poland have the four highest incidence age-standardised (European) rates, ranging from 19 to 26 per 100000 per year [11] . Within this group, the highest prevalence for men and women is only found in Austria (115 and 111 per 100000 for all ages); much higher (up to 6.7 times) than the country having the lowest prevalence (Poland). It seems clear that even if burden of disease, in terms of risk (incidence rates), is similar for these four countries, the actual burden, in terms of proportion of patients under treatment and follow-up, is higher in Austria, due to better survival. Five-year AARS in Austria, both genders combined, is 27%, and the 1-year and 5-year survival rates in Poland are 24% and 9%, respectively [10] .
Colon. Countries with the highest overall risk (Germany, Switzerland, The Netherlands and Austria) have the highest overall prevalence proportions for men and women. Burden of disease is even accentuated by a much better survival in these countries. For example, 5-year AARS figures in The Netherlands for men (59%) or for women (56%) are better than the 1-year AARS figures in Slovakia (54% and 54%, respectively) and Slovenia (50% and 54%, respectively). Another example, the 1-year survival rate in Poland for men and women (43%) is worse than the 5-year survival rates in Austria, Switzerland and Germany for both genders. However, one can observe some particularities in prevalence by age group (through the prevalence ratios), within the group of high incidence-high prevalence countries. Switzerland and Austria have a prevalence lower than The Netherlands and Germany for young people (age <65 years). This might be due to different attitudes towards colon cancer prevention through polyp detection, but this hypothesis needs to be investigated.
Lung. This cancer site is characterised by poor survival everywhere, i.e. <30% after 1 year, and ≤10% after 5 years. This means that health-care system and treatment do not have a great impact on prevalence, mainly related to age-specific incidence and demographic structure. Illustrating this, the prevalence ratios by period since diagnosis decrease with time in all countries except in Slovakia, where prevalence after 10 years is 2.5× prevalence at 1 year after diagnosis for men (93.3 compared with 37.7 per 100 000), and 1.6× for women (9.6 compared with 6.0 per 100 000). This exception could be explained by one of the next two proposals. First, because Slovakia has one of the highest incidence rates among men (79 per 100 000), the highest proportion of young people aged 0-44 years (72% among men and 66% among women) and the best 5-year AASR [10] . Secondly, because Slovakia has a passive follow-up system producing a number of lost cases that have been (wrongly) considered as alive and therefore led to overestimated prevalence counts. Both explanations could be right.
Breast and prostate. High prevalence of breast and prostate cancers are indeed the triple effect of high incidence, demographic factors (age distribution skewed toward old age), and good survival, within the same countries, especially Switzerland, Germany, The Netherlands and Austria. In addition, the observed decrease of mortality from breast cancer due to screening programmes (The Netherlands) should reinforce this trend for high prevalence figures in future.
Cervix. In countries with an efficient health-care system, early stage at diagnosis and efficient treatment explain the good survival figures, such as 1-year and 5-year AARS rates being 90% and 67% in Switzerland, versus 76% and 51% in Poland, respectively [10] , and high prevalence should be observed. However, a paradoxical situation in such countries is that they could also be considered at low risk (and with a small burden of disease), simply because they benefit from a good level of secondary prevention. In these cases, the high proportion of cancer in situ is lowering the incidence of malignant tumours, and thereby lowering the prevalence, which is estimated on the basis of invasive tumours. However, the impact of this prevention is generally less marked after the menopause than before, and this leads to an increase in the prevalence proportions among elderly women, mainly for long-term prevalence. In these countries we also observe the lowest incidence and the lowest prevalence, but the highest proportions of elderly among prevalent cases.
Skin melanoma. The range of incidence rates is wide, about 4× higher in countries at very high risk (Austria and Switzerland) compared with countries at low risk (Slovenia, Slovakia and Poland) , and the range in prevalence estimates is on the same scale. This observation is not surprising, with 5-year survival figures much better for those countries at high risk (AARS >80%) than for countries at low risk (AARS <70% among women and <55% among men).
Conclusion
Observing countries in central Europe, high cancer prevalence is associated with well-developed economies. Several parameters are concordant for explaining this phenomenon, such as higher proportion of elderly people, lower general mortality, more frequent early detection and high expenditure on health care. This increased burden of cancer could be interpreted as a paradoxical effect of improving treatments and thereby survival. This could also be an indication for not only being satisfied with the advances in treating patients diagnosed with cancer, but also for supporting more primary prevention.
